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COMPOSITIONS AND METHODS 
FOR DETECTING RAPHIDOPHYTES 



RELATED APPLICATION 

This application is a Continuation in Part Application of application serial 
5 number 09/596,136 filed June 16, 2000 which claims' priority under 35 U.S,C.§ 
1 19(e) of United States provisional patent application number 60/141,362 filed 
June 28, 1999, each of which are hereby incorporated by reference in its entirety. 

FIELD OF THE INVENTION 

The present invention relates, in general, to compositions, methods and 
10 diagnostic kits useful for the detection of fish-killing raphidophyte algae using 
rRNA-targeted probes. 

BACKGROUND OF THE INVENTION 

Raphidophytes are algae of the class Raphidophyceae. Raphidophytes such 
as Heterosigma akashiwo (Hada) ex Soumia and Fibrocapsa japonica Toriumi & 

1 5 Takano are well known in temperate seas as causative agents for mass fmfish kills 
in seapen aquaculture. For example, during the summer of 1989, a large bloom of 
Heterosigma akashiwo in Big Glory Bay, Stewart Island, New Zealand, caused 
extensive mortahty of caged Quinnat salmon (Onchorynchus tshawytscha), the loss 
being valued at NZD $4.5 million [Chang F.H., Anderson, C. & Boustead, N.C. 

20 1 990. This event was the first record of a Heterosigma (Raphidophyceae) bloom 

with associated mortality of cage-reared salmon in Big Glory Bay, New Zealand. 
NZl Mar. Freshwater. Res. 24: 461-469; MacKenzie L. 1991. 

Harmful algal bloom research and monitoring has traditionally been based 
on ecological and microbiological measurements which are laborious, time- 
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consuming, and reliant on experienced operators. The rapid identification and 
enumeration of harmful raphidophyte species is crucial for the management of 
cultured finfish, shellfish and wild resources in order to avoid stock loss. 

Thus, there is a need to develop a test system for rapid, sensitive and cost 
5 effective analysis of Raphidophytes that permits as near as possible real time 
monitoring of the algae. 



SUMMARY OF THE INVENTION 

In order to meet these needs, the present invention is directed to 
compositions, methods and diagnostic kits useful for the detection offish-killing 
10 raphidophyte algae using rRNA targeted probes. The probes comprise a segment 
of nucleic acid capable of selectively hybridizing, under selective hybridizing 
conditions, to large-subunit ribosomal RNA from raphidophytes. 

The probes include those oligonucleotide probes having sequences selected 
firom SEQ ID NO: 3 through SEQ ID NO: 23 and homologous sequences. The 

15 probes may be utilized in various combinations including pairwise. The probes of 
the invention may be of the formula [X-Y-Z]n where X is a sequence of 0 to 100 
nucleotides or nucleotide analogs that are non-homoiogous to conserved or 
nonconserved regions of raphidophyte nucleic acid. In the formula, Y is a 
sequence of 10 to 100 nucleotides or nucleotide analogs that are capable of 

20 hybridizing under hybridizing conditions to hypervariable regions of the ribosomal 
RNA of raphidoph5^es. Such sequences for Y include those sequences selected 
from SEQ ID N0:3 through SEQ ID NO:23 and homologous sequences. 
Furthermore, Z is a sequence of 0 to 100 nucleotides or nucleotide analogs that are 
non homologous to conserved or non conserved regions of raphidophyte nucleic 

25 acid. The sequence of Z may be the same or different from X. Finally, n is 1 to 
500 or more. 
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In addition to compositions, methods are disclosed for the detection of 
raphidophytes from a marine sample using fluorescent in situ hybridization 
(F.LS.H.) and sandwich hybridization assays (S.H.A.)* These methods comprise 
the steps of: permeabilizing the species of raphidophyte to be assayed to expose the 
5 ribosomal RNA; contacting the exposed ribosomal RNA, under hybridizing 

conditions, with oligonynucleotide probes capable of selectively hybridizing to the 
hypervariable regions of the ribosomal RNA of at least one species of 
raphidophyte; and detecting hybridization complexes as an indication of the 
presence of the raphidophyte cell in the sample. 

10 In addition to compositions and methods, there are disclosed herein 

diagnostic kits for use in determining the presence of raphidophytes which 
comprise a synthetic oligonucleotide probe complementary to the aforementioned 
hypervariable or conserved regions of the ribosomal RNA of a raphidophyte 
species from a marine sample. The kits may include hybridization buffers. 

1 5 The present invention has utility in providing an easy, sensitive, and 

specific test for algae which may kill finfish and invertebrates. 

BRIEF DESCRIPTION OF THE DRAWINGS 

This invention will be better understood by reference to the drawings, in 

which: 

20 Figure 1 shows specificity and isolate comparison for the sandwich 

hybridization assay probe combinations targeted at H. akashiwo and F.japonica. 
In A) the probe combination Hetl.25aS/RaphidlF, which is targeted at 
H. akashiwo^ was screened against a number of K akashiwo isolates and other 
raphidophyte species. H, akashiwo 1 represents the isolate K akashiwo CAWR04; 

25 K akashiwo 2 = CAWR05; K akashiwo 3 = CAWR09 and K akashiwo 4 = 

CAWR14. The F. japonica isolate was CAWR02. In B) the probe combination 
Fibl.25aS/RaphidlF, which is targeted at F. japonica, was screened against two 
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F. japonica isolates and other raphidophyte species. F, japonica 1 represents the 
isolate CAWR02 and F Japonica 2 represents the isolate CAWR03. The 
K akashiwo isolate was CAWR05. 

Figure 2 shows serial dilution standard curves for F, japonica and 
K akashiwo based on the sandwich hybridization assay. In A) a standard curve at 
450 nm for F, japonica cells spiked into field and filtered sea water background is 
shown. In B) a standard curve at 450 nm for K akashiwo cells spiked into field 
and filtered sea water background is shown. 

Figure 3 shows ribosonaal RNA levels as measured using the sandwich 
hybridization assay over an entire growth cycle for if. akashiwo and F. japonica. 
In the graphs B and D the open box data points represent signal at 450 nm, whereas 
the closed circles represent signal at 655 nm. In A) changes in cell density over a 
growth cycle for a batch culture of H. akashiwo is shown. In B) signal from the 
sandwich hybridization assay for a constant number of cells over a growth cycle of 
K akashiwo is shown. la C) changes in cell density over a growth cycle for a 
batch culture of F, japonica is shown. In D) signal from the sandwich 
hybridization assay for a constant number of cells over a growth cycle of 
F. japonica is shown. 

BRIEF DESCRIPTION OF THE SEQUENCE LISTING 

This invention will be better understood by reference to Sequence Listing, 
in which: 

SEQ ID NO: 1 is a Fluorescent Situ Hybridization (F.LS.H.) positive 
control probe designated UniC. 

SEQ ID NO: 2 is a F.LS.H. negative control probe designated UniR. 

SEQ ID NO: 3 is a F.LS.H. H. akashiwo probe designated Het 1.25F. 
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SEQ ID NO: 4 is a F.LS.H. K akashiwo probe designated Het 1.5F, 

SEQ ID NO: 5 is a F J.S.H. H. akashiwo probe designated Het 2aF. 

SEQ ID NO: 6 is a FJ.S.H. H. akashiwo probe designated Het 3F. 

SEQ ID NO: 7 is a F,LS.H. K akashiwo probe designated Het, sig2-3T, 

SEQ ID NO: 8 is a FJ.S.H. Raphidophyceae probe designated RaphidlF. 

SEQ ID NO: 9 is a FJ.S.H. Raphidophyceae probe designated 
Raphid2F.Raphid 2F. 

SEQ ID NO. 10 is a F.LS.H, FJaponica probe designated Fibl.25aF. 

SEQ ID NO: 11 is a F.I.S.H. FJaponica probe designated Fib 1.5F. 

SEQ ID NO: 12 is a FJ.S.H. FJaponica probe designated Fib 2F. 

SEQ ID NO: 13 is a F.I.S.H. FJaponica probe designated Fib 3F. 

SEQ ID NO: 14 is a FJ.S.H. FJaponica probe designated Fib.sig2-3'F. 

SEQ ID NO: 15 is a Sandwich Hybridization Assay (S.H.A.^ K akashiwo 
probe designated Het 1.25 aS. 

SEQ ID NO: 16 is a S.H.A. K akashiwo probe designated Het 1.25 bS. 

SEQ ID NO: 17 is a S.H.A. H, akashiwo probe designated Het 3S, 

SEQ ID NO: 18 is a S.H.A. K akashiwo probe designated Hetsig2-3T. 

SEQ ID NO: 19 is a Raphidophyceae probe designated Raphid IF. 

SEQ ID NO: 20 is a Raphidophyceae probe designated Raphid 2F. 

SEQ ID NO: 21 is a FJaponica probe designated Fibl .25aS. 
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SEQ ID NO: 22 is 2iF.japonica probe designated Fib.sig3F. 

SEQ ID NO: 23 is a Chattonella antiqua probe designated ChatL25F/S. 

SEQ ID NO: 24 is a Chattonella antiqua 'Dl, D2' domain LSU rDNA gene 
sequence. 

SEQ ID NO: 25 is a Chattonella subsalsa 'Dl, D2' domain LSU rDNA 
gene sequence. 

SEQ ID NO: 26 is a Fibrocapsa japonica 'Dl, D2' domain LSU rDNA 
gene sequence. 

SEQ ID NO: 27 is sl Heterosigma akashiwo 'Dl, D2' domain LSU rDNA 
gene sequence. 

SEQ ID NO: 28 is a Vacuolaria virescens 'Dl, D2' domain LSU rRNA 
gene sequence. 

SEQ ID NO: 29 is a PGR primer used to amplify the 'Dl, D2' domain LSU 
rRNA gene designated DIR. 

SEQ ID NO: 30 is a PGR primer used to amplify the 'Dl, D2' domain LSU 
rRNA gene designated D2C. 

DETAILED DESCRIPTION OF THE INVENTION 

Unless defined otherwise herein, all technical and scientific terms used 
herein have the same meaning as commonly understood by one of ordinary skill in 
the art to which this invention belongs. Singleton et aL, Dictionary of 
Microbiology and Molecular Biology, second edition, John Wiley and Sons, NY 
(1 994), and Hale and Marham, The Harper Collins Dictionary of Biology, Harper 
Perennial, NY (1991) provide one of skill with a general dictionary of many of the 
terms used in this invention. Although any methods and materials similar or 
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equivalent to those described herein can be used in the practice or testing of the 
present invention, the preferred methods and materials are described. In order to 
more clearly understand the invention, the following specific definitions are 
provided: 

5 Raphidophytes: Raphidophytes are algae of the class Raphidophyceae 

which includes Heterosigma akashiwo, Fibrocapsa japonica, Chattonella antigua 
and others (see Table 1 and C, Van Den Hoek, et. al Algae, an introduction to 
phycology. Chapter 10 Heterokontophyta: Class Raphidophyceae, Cambridge 
University Press, Cambridge, 1995). 

10 Oligonucleotide Probe: Oligonucleotide probes or polynucleotide probes 

include both double stranded and single stranded DNA or RNA. The probes may 
be synthesized synthetically or be recombinantly derived sequences. The probes 
include a specific oligonucleotide sequence and its complement sequence, e.g» A- 
T/U and C-G. Oligonucleotide probes include a single oligonucleotide sequence or 

15 a mixture of the given sequences, or a mixture of probes that may contain as a part 
of the probes single or multiple copies of the given oligonucleotide sequences. 

Probe Compositions: Probe compositions include probes complementary 
to raphidophyte rRNA, The probes may be in a pure state or in combination with 
other probes. In addition, the probes may be in combination with salts or buffers, 
20 and may be in a dried state, in an alcohol solution as a precipitate, or in an aqueous 
solution. The probes may be a mixture of different probes capable of detecting a 
single species or two or more species, a mixture of different probes wherein the 
probes are each able to detect one or more species. 

Open Regions: Open regions are regions of RNA which have minimal 
25 secondary or tertiary interactions with adj acent nucleotides. 

Closed Regions: Closed regions are regions of RNA with significant 
secondary or tertiary interactions with adjacent nucleotides. 
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Homologous Sequences: Homologous sequences are sequences which 
have sufficient identity to another sequence such that under standard hybridization 
conditions of moderate stringency the percent hybridization can be shown to 
exceed 50% of the hybridization between perfectly complementary nucleic acid 
fragments. Homologous sequences for hybridization complexes between pairs of 
nucleotides. 

Non Homologous Sequences: Non homologous sequences are sequences 
which have sufficient differences to another sequence that under standard 
hybridization conditions of moderate stringency the percent hybridization is less 
than 50% of the hybridization between perfectly complementary nucleic acid 
fragments. 

Marine Sample: A marine sample is a specimen of sea water or of an 
organism living within the sea. The term also encompasses a digestive tract 
specimen from an organism not necessarily living within, but taking nutrition 
exclusively from, the sea. 

Permeabilize: Permeabilize means to disrupt a cell to allow for 
intracellular or extracellular hybridization between nucleic acid probes and rRNA. 
A permeabilized cell may be lysed to allow extracellular release of rRNA, fixed so 
as to allow entry of probes into the cell, or both. rRNA is exposed when the rRNA 
is rendered accessible to hybridization by a complementary segment of nucleic 
acid. 

Nucleotides: Nucleotides refer to deoxyribonucleotide or ribonucleotides. 
These nucleotides may be in the form of a polymer in either single- or 
double-stranded form as a nucleic acid, and unless otherwise limited, encompass 
known analogues of natural nucleotides that hybridize to nucleic acids in a manner 
similar to naturally occurring nucleotides. 
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Subsequence: The subsequence of a particular nucleic acid or polypeptide 
sequence refers to a region of the nucleic acid or polypeptide smaller than the 
particular nucleic acid or polypeptide. 

Hybridization Wash Conditions: Hybridization wash conditions refer to 
5 those wash conditions for nucleic acid hybridization experiments such as Southern 
and northern hybridizations which are sequence dependent. Li nucleic 
hybridization experiments, hybridization complexes are formed between 
homologous sequences. An extensive guide to the hybridization of nucleic acids is 
found in Tijssen, Laboratory Techniques in Biochemistry and Molecular Biology — 

10 Hybridization with Nucleic: Acid Probes y Part I, Chapter 2 "Overview of principles 

of hybridization and the strategy of nucleic acid probe assays", Elsevier, New York 
(1993) which is hereby incorporated by reference. Stringency of the wash 
conditions are dependent on numerous factors including the temperature, 
components and other factors. Generally, highly stringent wash conditions are 

15 selected to be about S^'C lower than the thermal melting point (Tm) for the specific 

sequence at a defined ionic strength and pH, The Tm is the temperature (under 
defined ionic strength and pH) at which 50% of the target sequence hybridizes to a 
perfectly matched probe. Very stringent conditions are selected to be equal to the 
Tm point for a particular probe. 

20 Taking into account the above definitions, the present invention relates to 

compositions, methods and diagnostic kits for the detection of fish killing 
raphidophyte algae using RNA targeted probes. The probes comprise a segment of 
nucleic acid capable of selectively hybridizing, imder selective hybridization 
conditions, to large-subunit ribosomal RNA from raphidophytes. The probes 

25 include those sequences selected from SEQ ID NO: 3 through SEQ ID NO: 23 and 

homologous sequences. 
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1. Probes 

The probes of the present invention are generally of the formula: 

[X-Y-Z]n 

In the formula, X is a sequence of 0 to 100 nucleotides or nucleotide 
analogs that are non-homologous to conserved or non-conserved regions of 
raphidophyte nucleic acid. Furthermore, Y is a sequence of 10 to 100 nucleotides 
or nucleotide analogs that are capable of hybridizing under hybridizing conditions 
to hypervariable regions of the ribosomal RNA of raphidophytes. Such nucleotides 
or nucleotide analogs include those sequences selected from SEQ ED NO: 3 
through SEQ ID NO: 23, 

In the formula, Z is a sequence of 0 to 100 nucleotides or nucleotide analogs 
that are non homologous to conserved or non conserved regions of raphidophyte 
nucleic acid. The sequence of Z may be the same or different from X Finally, n is 
1-500 or more. In the probes where n is greater than 1, Y can be the same or 
different sequences of nucleotides having hybridization capability. The probe can 
be free or contained within a vector sequence (e.g., plasmids, viruses or cosmids). 

The nucleic acid sequence of the claimed probes include homologous 
synthetically derived or recombinant nucleic acid sequences which have sufficient 
identity with the claimed sequences that they substantially hybridize with regions 
complementary to the claimed probes to form hybridization complexes. By 
"substantially" it is meant that under standard hybridization conditions of moderate 
stringency, percent hybridization can be shown to exceed 50% of the hybridization 
between perfectly complementary nucleic acid fragments. 

The probes of the present invention substantially bind under selective 
hybridizing conditions to regions of raphidophyte rRNA having minimal secondary 
or tertiary interactions with adjacent nucleotides known as open regions. By 
"substantially bind" it is meant that the probes do not comprise significant 
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sequences that bind to regions that are available for hybridization only after 
heating, that is, regions with significant secondary and tertiary structure (closed 
regions). In practical terms, such probes will generally not comprise any more than 
10 flanking nucleotides (either 5' or 3*) which would bind to closed regions. More 
5 specifically, compositions of polynucleotide probes complementary to open regions 
are claimed that are complementary to either the hypervariable or, alternatively, to 
the conserved regions of rRNA of raphidophyte species. 

The probes of the present invention may be compounds of RNA, DNA, or 
RNA/DNA chimeras. Li the probes, analogs of nucleotides may be substituted for 

1 0 naturally occurring nucleosides. Nucleotide analogs offer greater stabiKty, 

resistance to nuclease activity and ease of signal attachment. The term "probe" is 
intended to embrace all functionally equivalent sequences. Equivalent 
raphidophyte probes may also consist of the given sequence, concatemers of the 
sequence, or probes flanked by about 10 or less bases of any degree of 

1 5 complementarity to the native sequences flanking the complementary region of 
raphidophyte rRNA. 

2. Probes Complementary to rRNA of Raphidophytes 

The degree of complementarity (homology) required for detectable binding 
of probes of the present invention with the rRNA of raphidophytes will vary in 

20 accordance with the stringency of the hybridization medium and/or wash medium. 
The degree of complementarity will optimally be 100 percent; however, it should 
be understood that minor variations between the rRNA and the disclosed probes 
may still provide for selective hybridization to a particular rRNA without undesired 
cross-hybridization to other accessible nucleic acids in the sample. Such minor 

25 variations may be compensated for by reducing the stringency of the hybridization 

and/or wash medium as described below. Thus, despite the lack of look 
complementarity under reduced conditions of stringency, functional probes having 
minor base differences from their rRNA targets are possible. Therefore, under 
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hybridization conditions of reduced stringency, it may be possible to slightly 
modify the disclosed probes while maintaining an acceptable degree of specificity 
to detect the desired raphidophyte species present in the sample. 

3. Synthesis or Isolation of the Probes 

5 The probes of the present invention may be chemically synthesized using 

commercially available methods and equipment. Methods of synthesizing nucleic 
acids are well known in the art. Deoxynucleotides may be synthesized chemically 
according to the solid phase phosphoramidite triester method described by 
Beaucage and Caruthers, Tetrahedron Letts, 22(20): 1859-1 862 (1981), e.g., using 

10 an automated synthesizer, e.g., as described in Needham-VanDevanter et al.. 
Nucleic Acids Res, 12:6159-6168 (1984). 

To obtain large quantities of oligonucleotide probes, one can also clone the 
desired sequence using traditional cloning methods, such as described in Maniatis, 
T., et al Molecular Cloning: A Laboratory Manual, Cold Spring Harbor, New 

1 5 York (1982), or one can produce the probes by chemical synthesis using 

commercially available DNA synthesizers. An example of cloning would involve 
insertion of the cDNA for the ribosomal RNA into a replication vector, such as 
pBR322, M13, or into a vector containing the SP6 promotor (e.g., generation of 
single-stranded RNA using SP6 RNA polymerase), and transformation of a 

20 bacterial host. The DNA probes can be purified fi-om the host cell by lysis and 
nucleic acid extraction, treatment with selected restriction enzymes, and further 
isolation by gel electrophoresis. The use of polymerase chain reaction (PGR) 
technology can also be used to obtain large quantities of probe. (See U.S. Patent 
No. 4,683,202.) 

25 4. Uses of the probes 

The probes of the invention are useful for detecting raphidophytes in a 
marine sample. The present invention is thus also directed to methods of detecting 
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a raphidophyte species from a marine sample. These methods include the steps of: 
(a) permeabilizing the cells of the raphidophyte species to expose the ribosomal 
RNA; (b) contacting the ribosomal RNA imder hybridizing conditions with 
polynucleotide probes capable of selectively hybridizing to a hypervariable or 
5 conserved region of the ribosomal RNA of species; and (c) detecting hybridization 
complexes as an indication of the presence of the species in the sample. 

Marine samples for use in this invention can be obtained by any number of 
methods well known to the skilled artisan including tow samples of marine waters. 
The samples may be collected using an aquatic autosampler as described in 

10 applicant's co-pending United States patent application Serial Number 09/3 19,333 
entitled "Aquatic Autosampler" which is hereby incorporated by reference. The 
samples may be subsequently processed, for example, to remove precipitated 
material, or gently filtered to concentrate the sample or exclude organisms of 
particular size, or cultured to enrich or deplete the population of particular 

15 organisms. Conveniently, the sample is dispersed in a buffer protective of, or 
compatible with rRNA [Boney, A.D., Phytoplankton, Studies in Biology, no. 52 
(1979)]. 

The sample, or a portion thereof, may be permeabihzed for use in a 
sandwich hybridization assay in a lysis buffer such as disclosed in Van Ness et al., 

20 Nucl Acids, Res, 19:5143-5151 (1991), and PCT application WO 93/24659, both 
incorporated herein by reference. Lysing solutions are well known in the art and 
are typically composed of a buffered detergent solution having a divalent metal 
chelator or a buffered chaotrophic salt solution containing a detergent (such as 
SDS), a reducing agent and a divalent metal chelator (EDTA). Generally, these 

25 buffers are between pH 7.0 and 9.0, and contain both chelating agents and 
surfactants. 

Mechanical methods, including French press, nitrogen cavitation, bead 
beater, ultrasound sonification, and heating, may also be employed to permeabilize 
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the cell. Alternatively, samples may be collected and dispersed in a lysing solution 
that also functions as a hybridization solution, such as 3M guanidinium thiocyanate 
(GuSCN), 50mM Tris (pH 7-6), lOmM EDTA, 0.1% sodium dodecylsulfate (SDS), 
and 1% mercaptoethanol [Maniatis, et al. Molecular Cloning: A Laboratory 
5 Manual Cold Spring Harbor, NY (1982)]. 

S. Hybridization Assays 

The probes of the invention may be utilized to assay for raphidophytes 
using various hybridization assays. Assay test protocols for use in this invention 
are those of convention in the field of nucleic acid hybridization. Assay test 

10 protocols include both single phase hybridizations, where the target and probe 

polynucieic acids are both in solution and mixed phase hybridizations, where either 
the target or probe polynucleotides are fixed to an immobile support. Mixed phase 
hybridizations include non-sandwich type assays. Whole cell hybridizations may 
also be employed using methods well known in the art and exemplified herein. The 

15 assay test protocols known to the skilled artisan are varied and are not to be 
considered a limitation of this invention. 

Various hybridization solutions may be employed. Hybridization solutions 
generically include firom about 20 to 60% volume, preferably 30%, of a polar 
organic solvent. A common hybridization solution employs about 5% v/v 

20 formamide, about 0.5 to IM sodium chloride, about 0.05 to O.IM buffers, such as 
sodium citrate, Tris-HCl, PIPES or HEPES (pH range about 6-9), about 0.05 to 
0.2% detergent, such as sodium dodecylsulfate, or between 0.5-20mM EDTA, 
0.01-0.051% FicoU (about 300-500 kilodaltons), 0.01-0.05% polyvinylpyrrolidone 
(about 250-500 KDa), and 0.01-0.05% serum albumin. Also included in the typical 

25 hybridization solution will be unlabeled carrier nucleic acids fi-om about 0.1 to 5 

mg/ml, fi*agmented nucleic DNA, e.g., calf thymus or salmon sperm DNA, or yeast 
RNA, and optionally from about 0.5 to 2% wt./vol. glycine. Other additives may 
also be included, such as volume exclusion agents which include a variety of polar 
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water-soluble or swellable agents, such as polyethylene glycol, anionic polymers 
such as polyacrylate or polymethylacrylate, or polystyrene sulfonic acid and 
anionic saccharidic polymers, such as dextran sulfate. 

An alternative hybridization solution may be employed including about 2 to 
5 4M GuSCN, preferably 3M, about 0.01 to O.IM Tris (pH range about 6.0 to 8.9), a 
detergent such as sodium dodecyl sulfate in concentrations of about 0.1 to 5% 
(wt./voL), and about 0,01 to O.IM EDTA. Other additives may also be included 
such as carrier DNA or RNA, or protein such as bovine serum albumin or gelatin. 
Stringency of the hybridization solution can be adjusted by the addition of about 0 
10 to 10% formamide, usually 5%. 

The particular hybridization technique utiHzed is not essential to the 
invention. Hybridization techniques are generally described in Nucleic Acid 
Hybridization: A Practical Approach, Ed. Hames, B.D. and Higgins, S.J., HIL 
Press (1987); Gall et al, Proc. Natl Acad, Sci., aS.A, 63:378-383 (1969), and 
15 John et al Nature, 223:582-587 (1969). As improvements are made in 

hybridization techniques, they can readily be applied. 

Regardless of the assay test protocol being used, the raphidophyte cells or 
cell contents are to remain in contact with a hybridization solution for an extended 
period of time. Li single phase assays, the double-stranded duplexes may be 

20 separated from single-stranded nucleic acid by Si nuclease digestion followed by 
precipitation of duplex molecules, or by selective binding to hydroxyapatite. In 
mixed phase assays, the support-immobilized nucleic acid is typically introduced 
into a wash solution having analogous concentrations of sodium chloride, buffers, 
and detergent, as provided in the hybridization solution. The time period for which 

25 the support is maintained in the wash solution may vary from several minutes to 
three hours or more. 

The amount of labeled probe which is added to the hybridization solution 
may vary widely, depending upon the nature of the label, the amount of the labeled 
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probe which can reasonably bind to the cellular target nucleic acid, and the 
stringency of the hybridization medium and/or wash medium. Generally, 
substantial excesses of probe over the stoichiometric amount of the target nucleic 
acid will be employed to enhance the rate of binding of the probe to the target 
5 DNA. 

Various degrees of stringency of hybridization can be employed. As the 
conditions for hybridization become more stringent, there must be a greater degree 
of complementarity between the probe and the target for duplex formation to occur. 
The degree of stringency can be controlled by temperature, ionic strength, pH and 
10 the presence of a partially denaturing solvent such as formamide. For example, the 
stringency of hybridization is conveniently varied by changing the polarity of the 
reactant solution through manipulation of the concentration of formamide within 
the range ofO%to 50%. 

Either the hybridization or the wash medium can be stringent. Typically, 
15 for mixed phase assays, it is the wash solution that most often determines the 

stringency and faciUtates dissociation of mismatched duplexes. After rinsing the 
support at room temperature with a dilute buffered sodium chloride solution, the 
support may now be assayed for the presence of duplexes in accordance with the 
nature of the labeL 

20 In F.LS.H. assays cells are fixed, treated with hybridization buffer and then 

hybridized with probe as described in the Example section below. The cells are 
then analj^ed by epifluorescence microscopy. 

In a sandwich-type assay a primary component is a solid support. The solid 
support has absorbed to it or covalently coupled to it immobilized nucleic acid 
25 probe that is unlabeled and complementary to one portion of the rRNA sequence. 

Probes hybridize to regions of the ribosomal RNA with minimal secondary and 
tertiary interactions. The advantage of such probes is that the hybridization can be 
carried out without the additional step of heat denaturing the sample nucleic acid. 
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For the sandwich-type assay, the test sample suspected of containing one or more 
raphidophytes is contacted with the solid support in a hybridization medium, hi the 
procedure, a second soluble-labeled probe complementary to a different sequence 
of the rRNA of the raphidophyte is hybridized to the rRNA that has formed a 
5 hybridization duplex with the immobihzed nucleic acid probe on the solid support. 

A probe to a hypervariable region and a probe to a conserved region of rRNA of 
raphidophyte may each function as either a capture or signal probe. The entire 
assay takes place at 30°C. 

The presence of raphidophyte species assayed from the marine sample is 
10 then determined in accordance with the label being used. It should be noted that in 

sandwich hybridization assays the second probe can be added simultaneously with 
the test sample to the hybridization assay. In addition, the second probe can 
hybridize to either a conserved or to a hypervariable region of the rRNA. 

Compared to the whole cell F.LS.H. method, sandwich hybridization is 
1 5 several fold faster and far less taxing on the individual executing the protocol 

[Scholin, C. A,, et al. DNA probes and a receptor-binding assay for detection of 
Pseudo-nitzschia (Bacillariophyceae) species and domoic acid activity in cultured 
and natural samples. J. Phycol. 35: 1356-1367 (1999)]. Equipment used to apply 
this method includes a standard filtration manifold, heating block, micro pipette, 
20 and a robotic processor. The latter costs several thousand dollars less than an 

average epifluorescence microscope and is available commercially. It is possible to 
apply this method outside of a laboratory. Using current technology, the lower 
limit of detection (LLD) for sandwich hybridization is roughly 2.5 - 5 X 10^ 
raphidophyte cells 0,2 ml"^ of lysate. For whole water samples, it is possible to 
25 detect as few as several hundred to 10^ cells 1"^ using the current sandwich 

hybridization assay and instrumentation described above. 
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6. Detection of Raphidophytes 

Various detection labels may be utilized. V/here the label is radioactive, the 
presence of probe can be detected in a scintillation counter. More conveniently, in 
mixed phase assays, the substrate can be dried and exposed to X-ray film in any 
5 number of conventional autoradiographic protocols. Autoradiographic detection is 
typically employed with ^H, ^^^I, ^^S, ^^C, or ^^P labeled probes or the like. The 
choice of radioactive isotope depends on research preferences due to ease of 
synthesis, stability and half lives of the selected isotopes. 

Where the label is fluorescent, the sample is detected by first irradiating it 
10 with hght of a particular wavelength. The sample absorbs this hght and then emits 
light of a different wavelength which is picked up by a detector. 

Where the label is a hapten or antigen, the sample can be detected by using 
antibodies. In these systems, a signal is generated by attaching fluorescent or 
enzyme molecules to the antibodies; in some cases the antibody is labeled with a 
1 5 radioactive probe as described in Tijssen, P., Practice and Theory of Enzyme 

Immunoassays, Laboratory Techniques in Biochemistry and Molecular Biology, 
Burdon, R.H,, van Knippenberg, Ph.H., Eds., Elsevier, pp. 9-20 (1985), which is 
hereby incorporated by reference. 

One method of detection is enzymatic detection in conjunction with biotin. 
20 Although fluorescence is an alternative label, enzymatic labels, in combination 

with avidin or streptavidin such as biotinylated peroxidase or alkaline phosphatase, 
are preferred. Enzyme-conjugated avidin or streptavidin can also be used to 
directly bind the enzyme to the probe. Preferred enzymes are peroxidase or 
alkahne phosphatase. 

25 Non-radioactive probes are often labeled by indirect means. For example, a 

ligand molecule is covalently bound to the probe. The ligand then binds to an 
anti-ligand molecule which is either inherently detectable or covalently bound to a 
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detectable signal system, such as an enzyme, a fluorophore, or a chemiluminescent 
compound. Ligands and anti-ligands may be varied widely. Where a Ugand has a 
natural anti-ligand, namely ligands such as biotin, thyroxine, and Cortisol, it can be 
used in conjunction with its labeled, naturally occurring anti-ligands. Alternatively, 
5 any haptenic or antigenic compound can be used in combination with an antibody. 

Probes can also be labeled by direct conjugation with a label. For example, 
cloned DNA probes have been coupled directly to horseradish peroxidase or 
alkaline phosphatase, [Renz, et aL Nuc. Acids Res. 12:3435-3444 (1984)] and 
synthetic olignucleotides have been coupled directly with alkaline phosphatase 

10 [Jablonski et aL Nuc, Acids. Res. 14:61 15-6128 (1986)]. A general reference for 
various detection methods can be foimd in Hames, B. D. and Higgins, S. J., Nucleic 
Acid Hybridization, IRL Press, Oxford (1985). References for sandwich assay with 
DNA probes are Dunn and Hassell, Cell, Vol. 12, pp. 23-26 (1977), and Ranki, et 
aly U.S. Pat No. 4,486,539. All of these articles are hereby incorporated by 

15 reference. 

7. Kits 

The oligonucleotide or polynucleotide acid probes of this invention can be 
included in a kit which can be used to rapidly determine the presence or absence of 
raphidophyte species from a marine sample. The kit includes all components 

20 necessary to assay for the presence of these species. The kit includes a stable 

preparation of rRNA probes, hybridization solution in either dry or liquid form for 
the hybridization of target and probe polynucleotides, as well as a solution for 
washing and removing undesirable and nonduplexed polynucleotides, and a 
substrate for detecting the labeled duplex. The probes may be labeled or unlabeled. 

25 The kit will also include directions for using the probes. 

A more specific embodiment of this invention embraces a kit that utihzes 
the concept of the sandwich hybridization assay (S.H.A.). This kit would include 
as a first component, vials for containment of a marine sample and buffers for the 
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permeabilization of the sample. A second component would include media in 
either dry or liquid form for the hybridization of target and probe polynucleotides, 
as well as for the removal of undesirable and nonduplexed forms by washing. A 
third component includes a solid support (such as a dipstick) upon which is fixed or 
5 to which is conjugated unlabeled nucleic acid probe(s) that is (are) complementary 

to a part of the rRNA of the species assayed for. In the case of multiple target 
analysis more than one capture probe, each specific for its own ribosomal RNA, 
will be applied to different discrete regions of the dipstick. A fourth component 
would contain a labeled or unlabeled probe that is complementary to a second and 
10 different region (conserved or hypervariable) of the same rRNA strand to which the 
immobilized, unlabeled nucleic acid probe of the third component is hybridized. 

The probe components described herein include coordinations of probes in 
dry form, such as lyophylized nucleic acid or in precipitated form, such as alcohol 
precipitated nucleic acid or in buffered solutions. The various reagents for the 

1 5 detection of labeled probes and other miscellaneous materials for the kit, such as 

instructions, positive and negative controls, and containers for conducting, mixing, 
and reacting the various components, would complete the assay kit. Such kits 
would include instruction cards and vials containing the various solutions necessary 
to conduct a nucleic acid hybridization assay. These solutions would include lysing 

20 solutions, hybridization solutions, combination lysing and hybridization solutions, 
and wash solutions. The kits would also include labelled probes. Standard 
references for comparison of results may also be provided for an easy estimate of 
the number of raphidophyte species in a given solution. Depending upon the label 
used additional components may be needed for the kit, e.g., enzyme labels require 

25 substrates. 

From the foregoing description it will be clear to those of skill in the art that 
the disclosed probes are useful for identifying raphidophytes collected from pure 
cultures or nature. Moreover, the technique offers promising means by which one 
could quantify these species rapidly. The protocol is neither extremely complicated 
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or demanding, and with minimal training all individuals should be able to execute 
both methods. 

The invention is now illustrated by way of the following non-Umiting 
examples. 

5 Examples 

Example 1 
Algae Cultures 

The algae cultures utilized to isolate the probes of this invention are listed in Table 
L All cultures are currently held at the Cawthron histitute, Nelson, New Zealand 
10 (K. Ponikla), Cultures are maintained under a 12:12 light/dark photoperiod at 20°C 
in f/2 media (Guillard, R. R. L. 1975. Culture of phytoplankton for feeding marine 
invertebrates. In: Culture Of Marine Invertebrate Animals (ed. by W. L. Smith & 
M. H. Chanley), pp. 29-60, Plenum Press, New York.). 



Table 1. Species probed in this study and culture collection numbers. 



Species 


Class 


Culture collection number 


Chattoneffa antique 


Raphidophyceae 


CAWR01 


Chationella subsalsa 


Raphidophyceae 


CCMP217 


Fibrocapsa japonica 


Raphidophyceae 


CAWR02, 03 


Heterosigma akashiwo 


Raphidophyceae 


CAWR04, 05, 06, 09, 14{ABC2) 


Heterosigma sp. 


Raphidophyceae 


CAWR10 


Olisthodiscus luteus 


Uncertae sedis 


NIES-15 


Nannochforopsis oculata 


Eustigamatophyceae 


LB2164 



*Notes on Table 1: 
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CAW -Cawthron Institute, Nelson, New Zealand, Algal Collection 

-CAW14(ABC^) was provided by Dr. Rita Horner, 

University of Washington, Seattle, Washington, USA. 
CCMP Provasoli-Guillard National Centre for Culture of Marine 

Phytoplankton, West Boothbay Harbor, Maine, USA 
LB -The University of Texas of Austin, Austin, Texas, USA, Culture Collection of Algae 
NIES -National Institute for Environmental Studies, Japan, Microbial Culture 

Collection, City, Japan 



10 Example 2 

DNA Extraction 

Cells from Example 1 grown to mid-log phase growth were harvested by 
centriftigation. Approximately lOmg of algal cells was added to 700|aL of CTAB 
buffer (50mM Tris pH 8.0, 0.7M NaCl, lOmM EDTA, 1% CTAB), l|iL of 0.1% 

15 of fi-mercapto-ethanol was then added and the mixture vortexed to resuspend the 

pellet. After the pellet had been resuspended 30|iL of 20mg.mL'^ Proteinase K was 
added, gently mixed, then incubated at 60°C for 1 hour. If the pellet was still intact 
after 1 hour a further 5\iL of Proteinase K was added and incubated for another 
hour. After the incubation an equal volume of 24:1 chloroform:isoamyl alcohol 

20 was added, vortexed and placed on a shaker for 5 minutes. The mixture was then 
centrifiiged at 13,000 rpm for 5 minutes at 4^C and the supernatant transferred to a 
new tube. An equal volume of 25:24:1 phenol:chloroform:isoamyl alcohol was 
added, vortexed and placed on a shaker for 5 minutes. The mixture was then 
centriftiged at 13,000 rpm for 5 minutes at 4°C and the supernatant transferred to a 

25 new tube. This step was continued until the interphase was clear. Another 24:1 
chloroform:isoamyl alcohol extraction was then done as for the first step and the 
supernatant transferred to a new tube. An equal volume of isopropanol was added 
to the supernatant, mixed and placed at -20°C for at least an hour. The DNA was 
pelleted by centrifugation at 13,000 rpm at 4°C for 30 minutes, then washed 2 

30 times with 70% ethanol, using a 5 minute centriftigation step at 13,000 rpm at 4''C. 
The DNA pellet was dried under vacuum and resuspended in SO^iL of ddH20. 
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Example 3 

PCR Amplification 

Amplification of DNA from Example 2 was achieved using the polymerase 
chain reaction (PCR). The following primers were used to amplify the 'Dl, D2' 
5 domain LSU rDNA gene: 

DIR (forward)5' ACC CGC TGA ATT TAA GCA TA 3' (SEQ ID NO: 29) 
D2C (reverse) 5' CCT TOG TCC GTG TTT CAA GA 3' (SEQ ID NO: 30) 
The primers are targeted at conserved regions at positions 24-45 for DIR and 733- 
714 for D2Cj relative to the Prorocentrium micans LSU rRNA gene sequence. 

10 Approximately lOng of genomic DNA was added to a PCR mix containing 

0.25mM dATP, 0.25mM dCTP, 0-25mM dGTP, 0.25mM dTTP, 2.5mM MgCl2, 
50mM KCl, 50ng of each primer, 1 25 units of Taq polymerase (AmpliTaq™) 
polymerase and sterile water to a final volume of 50|iL. A DNA thermal cycler 
was used to subject the reaction to an initial cycle of denaturation (Hot Start, 94°C 

15 for 3 minute), and then 15 cycles of denaturation (94°C for 30 seconds), annealing 

(60°C each round for 30 seconds) and extension (72''C for 1 minute). These initial 
15 cycles were followed by 15 more rounds of denaturation (94°C for 30 seconds), 
annealing (SS'^C for 30 seconds) and extension (72''C for 1 minutes) and a final 
extension of 7 minutes. To check PCR fragment size and purity, 5|iL of PCR 

20 product was run out on a 0.8% agarose gel, stained with ethidium bromide and 
viewed on a UV transilluminator. 

Example 4 

Automated DNA sequencing 

Sequencing reactions were carried out using an ABI 3 73 A 'stretch' 
25 automated sequencer. Both the coding and non-coding strands were sequenced 

from a pooled PCR product (at least 2 PCR reactions) from Example 3, using the 
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PCR primers in dye terminator reactions. The sequences were checked and 
corrected with the SEQED and gelassemble programs, using the sequence 
electrophoretogram for visual assurance (Genetics Computer Group. 1994, 
Program manual for GCG package. Version 8, Wisconsin, USA). 

5 Example 5 

Probe Design and Synthesis 

The Dl and D2 domains of the LSU rRNA gene (Dl, D2 LSU rRNA) were 
sequenced (SEQ ID N0:24-28) to provide information for the design of species- 
specific rRNA-targeted oligonucleotide probes and to construct a phylogenetic 

10 framework for intra-class organization of the Raphidophyceae. The rRNA gene 
transcript contains a mosaic array of conserved and hypervariable domains, which 
provide unique nucleotide 'signatures' that allow the design of oligonucleotide 
probes which can be diagnostic from Kingdom to species or even strain-specific 
levels. Oligonucleotide probes generally are targeted at rRNA because the high 

1 5 copy number present in cells offers a naturally amplified target for probe 

localization. 

Species-specific ohgonucleotide probes were designed by looking for 
unique 'signatures' in the alignment and aiming for a 50% GC content with a 
probe/target melting temperature (Tm) of between 60''C and TS^'C depending on the 

20 application. The initial oligonucleotide probes were then analysed by the program 
OhgoTech, version 1.0 (Oligos Etc., Eugene, Oregon) to check for intramolecular 
folding and/or homodimer problems and adjusted as required. These 
oligonucleotide probes were synthesized commercially with either a fluorescein or 
biotin moiety coupled to the 5' end (Ohgos Etc., Eugene, Oregon, USA). The 

25 probes were resuspended in ddH20 at a concentration of 250 ng ]xL'^ , pipetted to 
multiple 0.6 mL tubes, then vacuum desiccated and stored at -80°C. Working 
stocks were resuspended in TE buffer (10 mM Tris HCl, 1 mM EDTA, pH 7.4) at a 
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final concentration of 250 ng |iL'^ for F.LS.H. probes and 100 ng |iL"^ for the 
S.H.A. 

An oligonucleotide probe (ChatL25F/S) has been successfully developed 
for Chattonella spp, which displays good sensitivity and specificity in fluorescent 
5 in situ hybridization assays. The design of the probe was based on the sequences 

firom the Dl, D2 domains of the large subunit rRNA (LSU rRNA) gene for 
Chattonella subsalsa and C antiqua (the C. antiqua gene sequence is homologous 
for the species C marina and C. ovata) and an alignment of raphidophyte 
sequences. The probe ChatL25F/S is in the same general position within the LSU 
10 rRNA gene as the probes for Heterosigma akashiwo (Hetl .25aS) and Fibrocapsa 
japonica (FibL25S). The addition of an assay for Chattonella species completes 
the coverage of probes for species fi*om the Raphidophyceae which are known to 
cause mortality of caged fish. 

The sequences were aligned, revealing several unique species-specific 
1 5 nucleotide sequences and firom these unique regions we designed a suite of 
oligonucleotide probes for Heterosigma akashiwo, Fibrocapsa japonica, 
Chattonella and raphidophytes in general. The oligonucleotide sequences are 
shown (SEQ ID NO: 1-23) in Table 2. 



-25- 

sf-1028988 



PATENT 

OurRef No. 506812000120 



Table 2. Oligonucleotide probe sequences, targets and labels 



Probe 


Target Species 


Sequence and label type (5' - 3') 


SEQ 
ID 

NO: 


UniC 


nn^^itivp rnnfrnl 

uUOILIV\^ vrWI III \Jt 


Fiuorescein-GWATTACCGCGGCKGCTG 


1 


uniR 


negative control 


Fluorescein-CAGCMGCCGCGGTAATWC 


2 


Het1.25F 


H.akashiwo 


Fluorescein-CGACTGAGCACGCACCTTT 


3 


Het1.5F 


H.akashiwo 


Fluorescein-GCGACGGCAAAAAGACCAGGA 


4 


Het2aF 


H.akashiwo 


FIuorescein-GGATGTTGAAACGCTCCAG 


5 


HetSF 


H.akashiwo 


Fluorescein-AGGAAAGGTCCTCCGTCCTA 


6 


Hetsig2-3T 


H.akashiwo 


Fluorescein- 


7 






TACTCTCI 1 1 ICAAAAGICI 1 1 ICATC 




RaphidiF 


Raphidophyceae 


Fluorescein-CCGCTTCACTCGGCGTTACTAG 


8 


Raphid2F 


Raphidophyceae 


Fluorescein- 


9 






TCATCTTTCCCTCACGGTACTTGTT 




Fib1.25aF 


F.japonica 


Fluorescein-CGGCTGGACACGCTTCTGT 


10 


Fib1.5F 


FJaponica 


Fluorescein-CAGCACGAAATATGACCCCCG 


11 


Fib2F 


F.japonica 


Fluorescein- 


12 






GCATGGGACAGAGCGCGCAGTAC 




FibSF 


F.japonica 


FlUOrescein-TACAAACCAAGGTGCACTAATG 


13 


Fib.sig2-3T 


F.japonica 


Fluorescein- 


14 






AACTCTCTTTCGAAAGTTGI 1 1 ICATC 




Het1.25aS 


H.akashiwo 


Biotin-ACCACGACTGAGCACGCACCTTT 


15 


Het1 .25bS 


H.akashiwo 


Biotin-AGCCCGGGACCACGACTGAG 


16 


HetSS 


H.akashiwo 


Biotin-GAGCAAAGGTCGTCCGTCCTAAC 


17 


Hetsig2-3'F 


H.akashiwo 


Fluorescein- 


18 






TACTCTCI 1 1 ICAAAAGICI 1 1 ICATC 




RaphidiF 


Raphidophyceae 


Fiuorescein-CCGCTTCACTCGCCGTTACTAG 


19 


Raphid2F 


Raphidophyceae 


Fluorescein- 


20 






TCATCTTTCCCTCACGGTACTTGTT 




Fib1.25aS 


F.japonica 


Biotin-CGGCTGGACACGCTTCTGTAG 


21 


Fib.sigSF 


F.japonica 


Fluorescein- 


22 






AACTCTCTTTCCAAAGTTCI 1 1 ICATC 




Chat1.25F/S 


Chattoneila spp. 


(Fluorescein/Biotin*)- 








AGAGTAGCTGAGCACGCATCTCT 


23 


^Fluorescein or Biotin label 
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Example 6 

Screening of Candidate Probes 

Initial screening of probes was conducted at approximately 10°C below the 
Tm (melting temperature) and varied according to the degree of specificity required 
5 using Fluorescent In Situ Hybridization (F.LS.H.)* This initial hybridization 

temperature gives a good indication of probe accessibility to target rRNA and the 
signal intensity. In this study, the specificity of the FJ.S.H. reaction was controlled 
by the hybridization temperature, not the wash temperature and/or salt 
concentration. 

10 The relative signal intensity of the species-specific and raphidophyte- 

specific probes spanning the Dl , D2 rRNA gene were compared against a positive 
control probe (UniC) and a negative control probe (UniR) (SEQ ID No. 1-2). The 
positive control probe is targeted at universally conserved sequence of the small 
subunit rRNA gene (SSU rRNA) and should bind to the SSU rRNA of all 

1 5 organisms. The negative control probe is the complement of UniC and does not 

bind to any known rRNA target and therefore helps to determine the level to which 
probe retention is non-specific. 

Approximately 5-10 mL of mid-exponential culture, net tow or whole 
(unconcentrated) seawater sample was pipetted gently into a 50 mL polypropylene, 

20 conical bottom, disposable centrifiige tube containing an ethannol/saline fixative 
((2 mL ddHzO, 3 mL 25 x SET buffer (3.75 M NaCl, 25 mM EDTA, 0.5 M Tris 
HCl, pH 7.8) and 25 mL of 95% ethanol)). The mixture was left to stand at room 
temperature for at least 15 minutes before gently mixing by inversion, then allowed 
to stand an additional hour. Aliquots of the samples were filtered onto either 13 

25 mm diameter, 1 .2 [im pore size Isopore (Millipore) or Cyclopore (Whatman) 

polycarbonate membranes in a custom filter tube (Miller P.E. & Scholin C.A. 1998. 
Identification and enumeration of cultured and wild Pseudo-nitzschia 
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(Bacillariophyceae) using species-specific LSU rRNA-targeted fluorescent probes 
and filter-based whole cellhybridization. J. Phycol 34: 371-382). The filtered 
samples were washed with 1 mL of 5 x SET hybridization buffer (5X SET, 0.1% 
v/v Igepal, 10 ^ig'm^^ poly A, Sigma), then resuspended in 0.5 mL 5 x SET 
5 hybridization buffer, to which probe was added at a final concentration of 5 

ng*|aL"^ . The filter manifold was then transferred to either a dark dry incubator or 
water bath for 30 min at 50°C. After the incubation, the excess probe was removed 
by washing with 1 mL of 5 x SET buffer at room temperature for 2 min to remove 
excess unbound probe. The filters were then removed firom the manifold and 
10 mounted on glass slides, sample side up, covered with 20 jiL of SlowFade Light 

(Molecular Probes, Eugene, OR) and then mounted with cover slips. Samples were 
examined by epifluorescence microscopy using a Zeiss Axioskop fitted with a 
fluorescein band-pass filter set (excitation 465-495 nm; dichoric 505 nm; emission 
515-555 nm) and Olympus lOAD 35 mm camera system. 

15 The relative signal intensity of the putative species and raphidophyte- 

specific LSU rRNA-targeted probes were compared against positive (UniC) and 
negative (UniR) control probes (Table 3). Cell staining intensity was scored 
visually using the criteria of Miller and Scholin (Miller P.E. & Scholin C.A. 1996. 
Identification oicvXixxK^Pseudo-nitzschia (Bacillariophyceae) using species- 

20 specific LSU rRNA-targeted fluorescent probes. /. of Phycol. 32: 646-655.): cells 
with signal intensity similar to the positive control were scored as ++, signal 
intensity equivalent to the negative control was scored as and signal intensities 
clearly above the negative but below the positive control as All F.I.S.H. probes 
were applied to log phase cultures of//, akashiwo, F.japonica and Chatonella 

25 spp. 

A prehminary screening of oligonucleotide probes using the F.I.S.H. assay 
was performed and the results are presented in Table 3. The positive control probe 
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gave a clear and strong signal for all species examined. Furthermore, there was no 
non-specific retention of the negative control probe. 

Of the probes tested, three putative species-specific probes for Heterosigma 
akashiwo (Hetl.25F, HetSF and Het. sig.2-3'F) and Fibrocapsa japonica 

5 (Fibl .25aF, Fib2F and Fib. sig.2-3'F) gave signal which was equivalent to the 

positive control The Chatl.25F also labeled its target species with intensity 
similar to positive control. Both raphidiophyte signal probes (RaphidlF & 2F) gave 
signals which were comparable to the positive control. From these results, the 
probes which generated good signal were further tested for specificity against a 

10 range of isolates for the target species as well as non-target species. The results for 
this analysis are presented in Table 4. 
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The F.LS.H. analyses gives an indication of binding sites for probes in the 
sandwich hybridization assay, but does not necessarily predict what combination of 
probes are best with respect to sensitivity and specificity. Previous experience has 
also shown that these combinations have to be determined empirically (Scholin 

5 C.A., Miller Buck K.R., Chavez, P.P., Harris, P., Haydock, P., Howard, J., 

Cangelosi G. 1998. Detection and quantification of Pseudo-nitzschia australis in 
cultured and natural populations using LSU rRNA-targeted probes. Limnol. 
Oceanogr. 42: 1265-1272: Scholin unpublished work). The probes Hetl.25F and 
Het 3F were chosen for the capture probes and the fluorescein labels were 

10 exchanged for a biotin label. An alternative probe, HetL25bS, was also 

constructed to try and improve the specificity of Hetl.25F which gave a weak 
signal when probed against other raphidophyte species in the F.LS.H. format, 
HetL25F is equivalent to Hetl.25aS where the fluorescein label has been 
excharged for biotin. The probes Het. sig2F, RaphidlF and Raphid2F were chosen 

15 for the signal probes and these probes were constructed with a fluorescein label. 

Example 7 

Sandwich Hybridization Assays 

Candidate probes were designed for the sandwich hybridization assay 
(S.H A.) after screening the LSU rRNA gene with probes in a F.LS.H. format as 
20 described in Example 6. Probes which displayed good specificity and sensitivity in 

the FJ.S.H. analyses were redesigned for the higher Tm requirements of the 
sandwich hybridization assay, with biotin labels being attached for capture probes 
and fluorescein for the signal probes. 

The sandwich hybridization assay utilized two probes. The first probe was 
25 a biotinylated species-specific capture probe, which was bound to a solid 

strepavidin-coated support. The capture probe then bound with target rRNA 
molecules and was transferred to a second solution containing a fluorescein- 
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labelled signal probe, thus forming the sandwich hybrid configuration. The hybrids 
were detected by a secondary-labelling reaction involving anti-fluorescein antibody 
conjugated to horseradish peroxidase that reacts with substrate to produce a blue 
colorimetric product. The intensity of the blue product is related to the number of 
5 rRNA molecules in the sandwich hybrid format, and from the number of rRNA 
molecules, it is possible to infer the number of algal cells present from a standard 
curve. 

Samples for analysis with the S.H.A. were prepared as follows. Cultured 
cells and field samples were collected by gentle filtration onto 25 mm hydrophilic 

10 Durapore membranes (0.65 fiM pore size, Millipore). The filters were transferred 
to filter tubes (Porex, Fairbum, GA) containing 400 ixL of lysis buffer [(50 mM 
glycine, 10 mM EDTA, 5% N-lauryl sarcosine, 0.5% ProClin 150 (Rohm and 
Haas, Philadelphia), pH 11)], vortexed gently, then heated at 85X for 5 min, with 
an additional vortex after 2.5 min of incubation. After the incubation, 600 |aL of 

15 hybridization buffer (100 mM Tris, 17 mM EDTA, 8.35% formamide, 5 M 

guanidine thiocyanate, pH 7.5) was added to tubes in heat block. The tubes were 
removed immediately, vortexed gently and allowed to cool for 5 min. The tubes 
were then capped with a filter tip (1 |aM pore size), or transferred to a syringe, 
coupled to a 0.45 \xM Durapore Millex filter unit (Millipore) to remove particulate 

20 material from the crude cell lysate. The cell lysates were either allowed to cool to 
room temperature (--5 min) then were processed immediately, or they were placed 
into a -80*^0 freezer for later analysis. 

All hybridization steps were carried out using a portable robotics 
workstation which transfers a polystyrene strepavi din-coated strip with 12 prongs 
25 through each row of a standard 96-well microtiter plate (Saigene, Redmond, WA). 
Each row of the microtiter plate represents a different hybridization step. Assay 
development plates, which have all the reagents for the S.H.A., except for probes 
and samples, were provided by Saigene (Redmond, WA). Filtered cell lysate (200 
|iL) was added to 3-4 wells for each sample, plus 2-3 wells for a negative control. 
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The negative control probes do not bind to any known rRNA molecule and serve as 
a procedural control to ensure that observed color development is specific to the 
capture/lysate/signal probe sandwich hybrid. The last well in the sample row was 
loaded with lysis/sample buffer. This well and the column serve as a chemistry- 
5 positive control, which utilises an oligonucleotide linker which forms a sandwich 
hybrid with the capture and signal probes. 

After loading the samples into the wells, the microtiter plate was transferred 
to the temperature-controlled surface of the portable robotics workstation. The 
hybridzation steps were carried out at 30°C and the entire run was completed in 

10 approximately 50 min. Each of the hybridization steps was completed with 

agitaion of the prongs in an up and down motion in wells. Primary hybridization 
reactions, where the biotinylated capture probes are bounded to the strepavidin- 
coated prong, took place in 200 (iL of Assay Wash buffer (Saigene, Redmond, 
WA), with capture probe at a final concentration of 200 ng |iL^ for 10 min. The 

1 5 prong/capture probe hybrids were transferred to the sample wells and secondary 
hybridization was allowed to proceed for 10 min. After the secondary 
hybridization reaction, the prong/capture probe/analyte hybrids were transferred 
into wells containing 175 juL of Signal Buffer (Saigene, Redmond, WA), with 
signal probe at a final concentration of 300 ng \xL^ for 8 min. At the completion of 

20 the tertiary hybridization step, the 'sandwich' hybrid (capture probe/analyte/signal 
probe) formation was complete. The sandwich hybrids were washed with 200 jiL 
of Assay Wash solution (Saigene, Redmond, WA) for 2 min. Then the 
prong/sandwich hybrids were placed into 200 |iL of anti-fluorescein-horseradish 
peroxidase (HRP) conjugate for 10 min. The prongs were then rinsed twice for 2 

25 min as described above. The final step was the incubation of prong/sandwich 

hybrids in 200 |iL of HRP substrate (TMB) for 12 min to allow color development. 
At the completion of the run, the microtiter plate was quickly transferred into a 
plate reader and the absorbance was measured at 655 nm. The plate was removed 
and 50 [iL of 10% (v/v) sulphuric acid was added for color enhancement. The plate 
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was transferred back into the microtiter plate reader and the absorbance was 
measured at 450 nm. All reagents for the S.H.A. are available from Saigene Corp. 
under the trade names listed above (Redmond, WA). 

The sensitivity and cross-reactivity tests on cultured isolates for 
5 Heterosigma akashiwo revealed that the probe combination Hetl .25aS/RaphidlF 
provided the best signal, and no cross-reactivity has been observed. It was 
expected that there may be some cross-reactivity with the HetL25aS probe based 
on the observations of the probe Hetl.25aF in the F.LS.H. analyses. The higher 
stringency and the lengthening of the probe for the S.H.A. appears to have 
10 eliminated these potential problems. It is well known that a small shift in a probe's 
position can have dramatic effects on the signal output. The probe HetL25bS 
which was shifted a few bases towards the 5' end of the LSU rRNA gene, and 
which still included numerous bases of the probe Hetl.25aS had a significantly 
reduced signal output in the S.H.A. in comparison to the Hetl .25aS/RaphidlF 
1 5 probe combination. The results for the sandwich hybridization assays for the probe 
combination matrix are described in Table 5. 
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Table 5. Sandwich hybridization probe matrix showing the combination and 
position of probes, and the signal output at 450 and 655Dm. 



Probe Combination 


Target 


Probe 
Positions 


OD@,450nm 


OD@655nm 




Species'* 


5' end^ 


+SD 


+SD 


nd I .^Odo/ r\dfjf iiu 1 r 


n.C(f\ci^i ftW\j 


14Q / 7Q 


1 .oyo xu.zuy 


A 7RQ j_n HQi 

u. / DO ±u.uy 1 




ll.ClriCi^l fIVVL/ 


140/ "^AA 


U.UDOvJ xU.UUO 


U.UOO xU.UUO 




I-t ^ki^^hiwn 

ri.CilXCtOI liVvKy 






U.VJOO XU.UVJZ 






1 57 / 79 




n '^n? +n nAO 






1 ^7 / "^44 






Het1.25bS/Het.sig2-3'F 


H.akashiwo 


157/366 


0.054 +0.003 


0.054 ±0.002 


HetSS/RaphidlF 


H.akashiwo 


567 / 79 


0.093 +0.009 


0.068 ±0.003 


Het3S/Raphicl2F 


H.akashiwo 


567 / 344 


0.222 ±0.011 


0.128+0.002 


Het3S/Het.sig2-3'F 


H.akashiwo 


567 / 366 


0.080 ±0.016 


0.080+0.016 


Fib1.25aS/Raphid1F 


FJaponica 


122/49 


1.32+0.040 


0.634 ±0.020 


Fib1.25aS/Raphid2F 


F.japonioa 


122/322 


0.094 ±0.009 


0.067 ±0.004 


Fib1.25aS/Fib.sig2-3'F 


FJaponica 


122/344 


0.087 +0.006 


0.067 +0.004 



^Ribosomal RNA complement. Aligned position with respect to target sequence. 
^The clones used for this analysis are CAWR05 FOR Heterosigma akashiwo and 
CAWR03 for Fibrocapsa japonica. Refer to Table 1 for details about these clones. 
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The best combinations of probes for signal production in Heterosigma 
akashiwo and Fibrocapsa japonica were the Het 1.25a capture probe/RaphidlF 
signal probe and Fibl.25a capture probe/RaphidlF signal probe respectively. 
These combinations of probes were used in all the following analyses. 

5 Also, the S.H.A. probes were modified from the F.LS.H. probes due to the 

higher Tm requirement and this may affect the signal output and specificity. A 
probe matrix was used to test all possible combinations of captiu*e and signal 
probes for signal production. The best combination of probes for Heterosigma 
akashiwo and Fibrocapsa japonica were then tested for specificity in the S.H.A. 

10 format. Figure 1 shows specificity and isolate comparison for the sandwich 

hybridization assay combinations targeted at H. akashiwo and F, japonica. A). 
The probe combination HetL25aS/RaphidlF which is targeted at H. akashiwo was 
screened against a number ofH. akashiwo isolates and other raphidophyte species. 
H. akashiwo 1 represents the isolate K akashiwo CAWR04; K akashiwo 2 = 

15 CAWR05; K akashiwo 3 = CAWR09 and H, akashiwo 4 = CAWR14. The 
F. japonica isolate was CAWR02. B). The probe combination 
FibL25aS/RaphidlF which is targetted at F, japonica was screened against two 
F. japonica isolates and other raphidophyte species. F Japonica 1 represents the 
isolate CAWR02 and F. japonica 2 represents the isolate CAWR03. The 

20 K akashiwo isolate was CAWR05. 

Example 8 

Standard Curve Construction 

The standard curves were constructed by spiking cells which were in log 
phase growth into 1 L of either filtered sea water (FSW) or field sample, then 
25 collecting the cells by gentle filtration and lysing as described above. The 
concentrated stock solutions were then serially diluted with either 
lysis/hybridization buffer for the FSW sample or field background for the field 
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sample. Four replicates of each dilution were loaded onto the hybidization plates to 
check for variation of signal from well to well. 

Figure 2 shows serial dilution standard curves ior FJaponica and 
H. akashiwo based on the sandwich hybridization assay; A) standard curve at 450 
5 nm for FJaponica cells spiked into field and filtered sea water (FSW) background; 
B) standard curve at 450mn for H. akashiwo cells spiked into field and FSW 
background. 

The differences between the spiked-FSW and field sample standard curves 
for both Heterosigma akashiwo and Fibrocapsa japonica^ were non-significant, 
1 0 indicating that a complex field background has minimal impact with regard to 

efficacy and sensitivity of the S.H.A.'s for Heterosigma akashiwo and Fibrocapsa 
japonica. 

Example 9 

Signal Comparison Over a Complete Growth Cycle 

1 5 The signal generated by cells through a growth cycle was examined by 

innoculating two batch cultures per species (1 L of f/2 media in 5 L flasks) with 
1000 Heterosigma akashiwo cells mU^ and 500 Fibrocapsa japonica cells mL'^ 
respectively. These cultures were grown under a 12:12 LD photoperiod at 20±FC. 
Samples were collected at regular intervals covering the entire growth cycle. The 

20 Heterosigma akashiwo samples were preserved with Lugols Iodine, and at least 
three 10 |liL aliquots were counted. Fibrocapsa japonica was preserved with the 
ethanol/saline fixative and counted as for Heterosigma akashiwo. Lugols Iodine 
preserved Fibrocapsa japonica resulted in clumped cells which were not 
quantifiable. The S.H.A. lysates were prepared by collecting 20,000 Heterosigma 

25 akashiwo cells' 1 ml lysate'^ and 10,000 Fibrocapsa japonica cells* 1 ml lysate"^ 
which corresponds to 4000 and 2000 cells well'^ (well = 0.2 ml) respectively. 
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These samples were stored at -80°C and once all samples were collected they were 
screened with the S.H.A. The samples were processed in one lot to minimize any 
differences in various batches of S.H.A. plates and reagents. 

There was no significant difference between the FSW and field treatment 
5 standard curves for either Heterosigma akashiwo or Fibrocapsa japonica. The 

results for Heterosigma akashiwo and Fibrocapsa japonica are displayed in Figure 
L 

Preferred long-term storage of lysate is considered to be storage of samples 
at -SO^'C for extended periods of time. A large batch of lysate was prepared, split 
10 into aliquots and fi*ozen at -80^C to check the effect of storage on signal. At 
various times over a year, a sample was removed and analyzed to check for 
degradation and subsequent signal deduction and the effect of multiple freeze/thaw 
cycles was tested although data are not provided here. 

Samples which were required for later analyses were stored at -SO^C. These 
15 samples were immediately stored either as a lysate or as cells filtered down onto a 
membrane. The lysates showed no appreciable drop in signal over an entire year of 
storage, whereas the processing of cells which had been filtered onto membranes 
resuked in a substantial decrease in signal. Repeated fi:eeze/thaw cycles of the 
lysate also resulted in the rapid decrease of signal. 

20 The growth cycle experiment showed a 2-fold signal variation for 

Heterosigma akashiwo between the two batches in the first 9 days of the culture, 
but after day 9 the signal firom the batches was comparable. In late stationary phase 
where the cultures were starting to die, there was a 2-fold decrease in signal For 
Fibrocapsa japonica there was a variance of about 2-fold over the entire growth 

25 cycle with no appreciable dropoff in signal at late stationary phase growth. The 
resuhs for Heterosigma akashiwo and for Fibrocapsa japonica are displayed in 
Figure 2, 
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Figure 3 shows ribosomal RNA levels as measured using the sandwich 
hybridization assay over an entire growth cycle for H, akashiwo and F.japonica. 
hi the graphs B and D the open box data points represent signal at 450 nm, whereas 
the closed circles represent signal at 655 nm; A) Changes in cell density over a 
growth cycle for a batch culture of H. akashiwo; B) Signal from the sandwich 
hybridization assay for a constant number of cells over a growth cycle of 
H. akashiwo; C) Changes in cell density over a growth cycle for a batch culture of 
FJaponica; D) Signal from the sandwich hybridization assay for a constant 
number of cells over a growth cycle of F. japonica. 

The determinations of signal from cells grown over an entire growth cycle 
using batch cultures showed that the signal only varied by a factor of 2, except for 
dying cells in late stationary phase growth for Heterosigma akashiwo. Using 
F.LS.H. analyses there is an order of magnitude decrease in signal for cells entering 
late stationary phase growth. The difference in observations for F J.S.H. and 
S.HA. formats suggests that the rRNA in preserved cells may not be as accessible 
due to the increase in polysaccharides in cells and/or the protein interaction with 
rRNA. Further research into these observations is required to gain insight into the 
fate of rRNA pool during a growth cycle. Further, these observations are based on 
cultured lysates and may not reflect the situation in the field. The variation 
between signal in the Heterosigma akashiwo batch cultures is evident in the first 9 
days of growth. These differences may be due to inaccurate counts and it was also 
observed that one of the cultures had significant aggregation/sticking of cells to 
side of flask during these 9 days. 

No non-specific signal production for either combination of probes has been 
observed for cultured species or field samples. The probe combinations for 
Heterosigma akashiwo and Fibrocapsa japonica gave a signal from the S.H.A. 
which was comparable for all geographic isolates of the target species. 
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Example 11 
Field Trials 

The preliminary field trials using the S.H.A. have detected Fibrocapsa 
japonica in low numbers (2-3000 cells L"\ which corresponds to 160 and 240 
5 cells weir^ respectively) at three locations in the Hauraki Gulf, East Coast of the 

North Island, New Zealand. These results were confirmed independently by the 
commercial monitoring team of the Cawthron Institute, Nelson, New Zealand, 
using traditional methodology. One unconfirmed 'positive' result has been 
registered for Heterosigma akashiwo in a sample collected from the Santa Cruz 

10 pier, Santa Cruz, California- 
Field trials were conducted on sandwich hybridization assays for 
Heterosigma akashiwo and Fibrocapsa japonica using opportunistic samples sent 
to the Cawthron Institute commercial monitoring team, Nelson, New Zealand. The 
sandwich hybridization assay for Heterosigma akashiwo and Fibrocapsa japonica 

15 was compared against standard light microscopy counts. Their counts were based 
on a single 10 mL sub-sample of the acid Lugol's Iodine preserved samples. 
Overall, comparisons of cell numbers as counted by light microscopy and the 
S.H.A. are in good agreement. No false positives were observed and all samples 
that contained either Heterosigma akashiwo or Fibrocapsa japonica above the 

20 lower hmit of detection were detected using the S.H.A. This observation indicates 
that New Zealand populations of these two species have minimal genetic diversity 
at the Large Subunit rRNA (LSU rRNA) gene level Also, work on cultured 
isolates from Australia, Canada, Europe, Japan, Korea, and the USA indicate that 
global populations of Heterosigma akashiwo and Fibrocapsa japonica are 

25 relatively homologous based on the LSU rRNA gene. This result is extremely 
beneficial for the deployment of this assay for these species globally. In a recent 
paper submitted for the proceedings of the 9th International Conference on 
Harmfiil Algal Blooms Conference, Tasmania, Australia, Rhodes et al. Concluded 
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". . .it is clear that this assay is now ready to be integrated into a suite of monitoring 
tools for both fish farm managers . . .". 
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